Cultures of Yersinia enterocolitica grown at 22°C produced beta-lactamases, whereas cultures grown at 37°C produced these enzymes much Iess effectively. Both dicloxacillin and clavulanic acid inhibited the betalactamase activity of bacterial crude extracts and potentiated the activity of penicillin G or cephalothin against 14 Y. enterocolitica strains. It appeared that the beta-lactamase activity present in Y. enterocolitica cells grown at 3rC was great enough to play a role in bacterial resistance to beta-lactam antibiotics, since combining penicillin G or cephalothin with clavulanic acid or dicloxacillin resulted in synergistic activity against cultures grown at 37°C that was equal to or greater than the activity against cultures grown at 22°C.
The production of beta-lactamase is recognized as one of the main mechanisms of bacterial resistance to beta-lactam antibiotics (8, 15) . The approaches used to solve this resistance problem have involved the development of stable penicillins and cephalosporins and a search for betalactamase inhibitors (3) . Numerous compounds have been included on the list of beta-lactamase inhibitors, and some of these have shown potential clinical usefulness based on their synergistic effects when they are combined with betalactamase-labile antibiotics (3, 8) . This is the case with clavulanic acid (13, 16, 17) and isoxazolyl penicillins (1, 12, 18) .
Yersinia enterocolitica is an enteropathogenic organism (2) that produces intracellular beta-lactamases (4, 6) , which are readily detected in cultures grown at 22°C but almost imperceptible in bacteria grown at 37°C (10) . The simultaneous presence of two chromosome-mediated betalactamases, called beta-lactamases A and B, is a common property of strains belonging to serotypes 0:3 and 0:9 (4, 5) . In this report, we describe the potentiation of penicillin G and cephalothin activities when these antibiotics were combined with dicloxacillin or clavulanic acid against 14 Y. enterocolitica strains. Our aim was to assess the role of beta-lactamase production at 22 and 37°C in the resistance of Y. enterocolitica to beta-lactam antibiotics.
MATERIALS AND METHODS
Bacterial and culture conditions. Fourteen strains of Y. enterocolitica were used in this study. Seven Assay for beta-lactamase inhibition. Bacteria were grown at 37 and 22°C, and crude cell extracts were obtained by sonic treatment of cells for 3 min in an ice bath. Betalactamase activity was determined by using the iodometric assay described by Sargent (19) , except that the phosphate buffer was adjusted to pH 5.6 when penicillin G was used as the substrate and to pH 8.0 when the substrate was cephalothin (11) . The assay was performed in the presence of several concentrations of clavulanic acid or dicloxacillin, which were added to the substrate solution just before incubation with the crude extract. Blank tests for iodine reagent absorbance and for spontaneous substrate hydrolysis were included in order to calculate beta-lactamase activity by the method of Sawai et al. (20) . Finally, the levels of beta-lactamase inhibition were calculated as percentages by using the following formula ( 
RESULTS
Beta-lactamase detection and inhibition. Previously, we reported that Y. enterocolitica produces beta-lactamase at 22°C, whereas beta-lactamase activity is not detected when cultures are grown at 37°C (10, 11) . We used the very sensitive Nitrocefin test for beta-lactamase detection in cultures of strains grown at both temperatures. Betalactamase activity was always found; the appearance of the red color was immediate in cultures grown at 22°C, whereas the red color appeared 5 to 10 min later in cultures grown at 37°C (data not shown).
To check the inhibition of Y. enterocolitica beta lactamases by dicloxacillin and clavulanic acid, we investigated the effect of both agents on protecting penicillin G and cephalothin from hydrolysis by bacterial crude extracts. Table 1 shows that the beta-lactamase activities of crude extracts from Y. enterocolitica IP134 were inhibited by appropriate concentrations of clavulanic acid and dicloxacillin. Furthermore, our data show that beta-lactamase activity was present in crude sonic extracts of cultures grown at 37°C, as determined by the iodometric assay, whereas there was no activity when whole cells grown at the same temperature were tested (11) .
MICs. To investigate the true role of beta-lactamase production in resistance of Y. enterocolitica to beta-lactam antibiotics, we studied the interactions of penicillin G and cephalothin with dicloxacillin and clavulanic acid against cultures of 14 strains at 37 and 22°C (Table 2) . When combinations of penicillin G or cephalothin with the betalactamase inhibitors were studied, synergism was found at 37 and 22°C (the MIC of each drug in the combination was reduced by 25%). As a general rule, the level of synergy of drug combinations which included clavulanic acid was higher at 37°C than at 22°C; in contrast, the level of synergy of drug combinations which included dicloxacillin was influenced little or was not influenced by the temperature.
DISCUSSION
The results of this study indicate that dicloxacillin and clavulanic acid potentiated the activity of beta-lactamaselabile antibiotics against Y. enterocolitica strains. The ability of dicloxacillin and clavulanic acid to protect penicillin G or cephalothin against Y. enterocolitica beta-lactamases argues for beta-lactamase inhibition as a major mechanism of these synergisms. It is very interesting that the synergy against cultures grown at 37 was equal to or greater than the synergy against cultures grown at 22°C. Our results suggest that the beta-lactamase activity detected by the Nitrocefin assay in whole cells grown at 37°C was great enough to play a role in resistance to beta-lactam antibiotics. Minute amounts of strategically placed beta-lactamase may be enough to hydrolyze the entering beta-lactam antibiotic and to protect bacteria (14) . The small quantity of beta-lactamase produced at 37°C should be inhibited more easily than the large amount of enzyme produced at 22°C; this may explain the fact that the level of synergy was higher at 37°C than at 22°C for some combinations.
Y. enterocolitica produces beta-lactamases A and B, which have different substrate profiles and different pH optima (5, 11) . Cloxacillin completely inhibits the activity of beta-lactamase B but partially inhibits the activity of beta- lactamase A (4); it may be assumed that beta-lactamase inhibition due to dicloxacillin has a similar pattern. There is currently no information available about the effect of clavulanic acid on either enzyme. The influence of temperature on the synergy between beta-lactamase-labile antibiotics and clavulanic acid may be due to some hypothetical temperature-dependent change in the ratio of the beta-lactamases A and B produced by Y. enterocolitica. However, alternative explanations should be considered; for example, it is possible that clavulanic acid penetrated Y. enterocolitica more easily when cells were grown at 37°C than when they were grown at 22°C, whereas this mechanism might be negligible for the larger dicloxacillin molecule.
